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 Polade et al. (2017): California and Mediterranean Basin are regions with some of the 
highest uncertainties in projections of future precipitation changes!

36-model mean (CMIP5),  2060-2089 – 1960-1989:	
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Multimodel spread in CMIP5 projections of historical and future Arctic sea-ice loss 
cover has not been small either!
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September Sea Ice Extent, Overland and Wang (2013):	
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Methodological objective!

Improve the existing methods for isolating the impacts of sea ice changes on climate:!

1.  Allow for full propagation of atmospheric teleconnections (do not 
expect teleportation)!

!

2.  Do not “paint the sea-ice black”!

3.  Do not ignore fundamental physical laws!
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Tropical precipitation response to high latitude cooling: interactive vs. prescribed SSTs 
(Cvijanovic and Chiang 2013, Climate Dynamics)	
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Perturbed sea-ice physics parameter simulations (PSIPPS)!

Apply small perturbations to the sea ice physics parameters that have largest impact on the resulting 
sea-ice cover (after Lucas et al. 2013)!

Model: Community Atmosphere Model version 4 (CAM4) + Community Land Model version 4 (CLM4) + 
Community Ice CodeE 4 (CICE4) coupled to a slab ocean !
!
run type: year 2000 repeat !
!
Control simulation:  default sea ice parameter values applied in both hemispheres!
!
‘low ice’ simulations: perturbations applied in one hemisphere at the time!
!

low Arctic ice!
“formula”	

                     parameter                           default value         expert defined range!
snow grain radius tuning parameter               1.5                          -1.9 - 1.9!
       snow melt maximum radius                    1500                         500 - 2000!
      thermal conductivity of snow                    0.3                           0.1 - 0.35!
  !



Monthly mean sea ice fractions for September	

Figure 1: Simulated sea ice loss 
and corresponding precipitation 
changes. !
(a),(b): September monthly mean 
sea ice concentrations over Arctic 
and Antarctic. Contour lines 
indicate the areas with sea ice 
fractions larger than 15%. Thick 
line: control (black) and ‘low 
ice’ (purple) ensemble means. 
Thin purple lines: individual ‘low 
ice’ simulations.!
For a comparison, in shading are 
shown 1992-2001 observed 
(SSMI) monthly mean sea ice 
concentrations for September 
(data obtained from the Center for 
Satellite Exploitation and 
Research-CERSAT).!
(c) December-February (DJF) 
precipitation difference between 
‘low ice’ and control (showing the 
ensemble mean changes). 
Stippling indicates changes that 
are statistically significant at the 
90% confidence level. Arctic sea 
ice loss leads to a northward shift 
in tropical precipitation and 
substantial drying over California 
and southwest United States. !
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Dec-Feb 500 hPa geopotential anomalies	
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Vancouver!

2012-2015 California Drought!

This	vast	zone	of	high	pressure	
nearly	2000	miles	long,	would	not	
move	for	several	months	at	a	:me	

San Francisco!

This	vast	zone	of	high	pressure	
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Step 1: sea ice decline induced energy imbalance can not be compensated locally, but 
results in tropical OLR changes	
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DJF 250hPa streamfunction changes [x105 m2/s]!

Rossby wavetrain	
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Step 2: tropical convection reorganization forces a Rossby wavetrain	



Cvijanovic et al. 2017, Nature Communications	

Two-step teleconnection 	

Arctic sea-ice loss induced tropical Pacific convection reorganization drives the Rossby !
wavetrain resulting in anticyclonic response in the North Pacific:	



But this winter was quite wet in northern Cal...	
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Arctic sea ice loss induces a dynamical forcing that favors drier winter conditions over California and 
wetter over the Mediterranean!
!
The ability to accurately estimate future precipitation changes over California and Mediterranean could 
be dependent on the fidelity with which future sea ice changes are simulated!
!
!!! Studies that attempt to infer the influence of sea ice loss with a prescribed SST framework may not !
capture the described two–step teleconnection; imposing high latitude energy budget perturbations will 
have an impact on tropical teleconnections!
!

Conclusions and Implications 1!



Make the Arctic sea ice great again 

Arctic sea-ice loss won’t leave 
you cool! 

What happe
ns in the

 Arctic 

does not s
tay in the

 Arctic! 
Bear 

with 

us !!!
 

Conclusions and Implications 2!



Thanks to:!
!

AGAUR for providing the research funding through Beatriu de Pinos program!
and !

Xavier Levine, Rachel White, Pablo M. Ortega, Francisco Doblas-Reyes, Donald D. Lucas, !
Benjamin D. Santer, John C. H. Chiang for scientific support!



1.  Allow for full propagation of atmospheric teleconnections!

2.  Do not “paint the sea-ice black”!

3.  Do not ignore fundamental physical laws!

Kang et al 2008, Journal of Climate:!
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